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Introduction {#sec005}
============

Globally, tuberculosis (TB) still remains a major health problem causing high morbidity and mortality \[[@pone.0233426.ref001]\]. Tuberculous lymphadenitis (TBL) is a common manifestation of extrapulmonary tuberculosis (EPTB) with increased prevalence in developing countries \[[@pone.0233426.ref002], [@pone.0233426.ref003]\]. However, the mechanism of dissemination is still not clear and studies reveal that mycobacteria may mostly spread through the hematogenous route \[[@pone.0233426.ref004]\]. TBL diagnosis is difficult and often associated with other pathologic processes which yield inconsistent physical and laboratory findings. The diagnosis can be made either via radiologic examination or fine-needle aspiration cytology (FNAC)/ histological examination of dissected cervical lymph nodes. A broad array of specific and non-specific immunological responses is assumed to contribute to the differential outcomes in TBL disease \[[@pone.0233426.ref005], [@pone.0233426.ref006]\]. TBL has been associated with altered levels of certain pro-inflammatory, type 1 and type 17 cytokines in the serum or plasma \[[@pone.0233426.ref007], [@pone.0233426.ref008]\]. However, in response to TB disease/infection, the host defense also triggers systemic inflammation as well as influences certain physiological, systemic and metabolic alterations. These profound changes are known as acute phase responses (APR) and often lead to abnormal production of various plasma proteins released into the bloodstream \[[@pone.0233426.ref009], [@pone.0233426.ref010]\].

Of note, some of these inflammatory biomarkers (C reactive protein (CRP), neopterin, beta 2 macroglobulin) have been used for the evaluation of therapeutic monitoring, for the detection of disseminated mycobacterial disease, persistent culture positivity, radiological resolution, and specifically for the delineation of tuberculosis from malignancy \[[@pone.0233426.ref011]\]. It is also noteworthy to understand that due to the difficulties in EPTB diagnosis, initiation of different ATT treatment occurs without reliable TB diagnosis \[[@pone.0233426.ref012]\]. Hence, discovery of reliable biomarkers without using tissue or sputum sample and with high diagnostic value would be really important in the context of EPTB diagnosis.

The major APPs are alpha 2 macroglobulin (⍺-2MG), serum amyloid A (SAA), C-reactive protein (CRP) and haptoglobin (Hp) and their synthesis is tightly regulated by inflammatory cytokines like interleukin (IL)-1 and IL-6 \[[@pone.0233426.ref013]\]. APPs have an imperative role in scavenging extracellular hemoglobin, free radicals, iron, and are majorly considered as components of innate immunity with antibacterial and antiviral potential \[[@pone.0233426.ref014], [@pone.0233426.ref015]\]. ⍺-2MG is a component of innate immune system and mediates potential role in tissue remodeling and immune system regulation \[[@pone.0233426.ref016]\]. ⍺-2MG also facilitates the innate immune defence mechanism against pathogens in plasma and vertebrate tissues \[[@pone.0233426.ref017]\]. SAA also displays a wide variety of immune functions by inducing the synthesis of numerous cytokines and chemokines as well as activating inflammatory cascades \[[@pone.0233426.ref018]\]. SAA levels are also enhanced in neoplasia, injuries, trauma, infection and acute phase of inflammation \[[@pone.0233426.ref019]\]. C-reactive protein (CRP), an established biomarker of systemic inflammation, has been described to reflect TB disease severity \[[@pone.0233426.ref020]\]. CRP has a vital role as an indicator of immune system activity during inflammatory responses \[[@pone.0233426.ref021], [@pone.0233426.ref022]\]. Hp plays a crucial role in immune regulatory and inflammatory conditions by modulating the prostaglandin synthesis \[[@pone.0233426.ref023]\]. Hp levels are known to become altered because it is the main protein found in human plasma for hemoglobin (Hb) binding, which reduces the harmful physiologic and biochemical outcome of extracellular Hb \[[@pone.0233426.ref024]\]. Previous studies have shown the association of APPs with respect to pulmonary TB and pneumonia infection \[[@pone.0233426.ref015], [@pone.0233426.ref025]--[@pone.0233426.ref029]\]. Despite this, their collective role or their systemic levels have not been examined in TBL disease/infection. In order to determine whether systemic inflammation is associated with TBL, we examined the levels of these APPs at baseline and upon after the completion of ATT.

Methods {#sec006}
=======

Study design {#sec007}
------------

This study was conducted at NIRT, Chennai, India and the patients were recruited from hospitals and community screening in and around Chennai. The study was approved by Institutional Review Board (NIRTIEC2010007) of National Institute for Research in Tuberculosis (NIRT) Chennai, Tamil Nadu, India. The written informed consent was obtained from all the study participants before enrolment. The plasma samples from TBL (n = 44), PTB (n = 44), latent TB (LTB, n = 44) and HC (n = 44) individuals were collected and used in the study. TBL individuals were diagnosed either by histopathology positivity or bacteriology examination consisting of GeneXpert or culture positivity for *Mycobacterium tuberculosis* (Mtb). Pulmonary TB individuals were selected based on the positive diagnosis for smear and culture examination for Mtb. All TBL individuals had only cervical lymphadenopathy. LTB individuals were diagnosed on the basis of positivity for tuberculin skin test (TST) and QuantiFERON TB-Gold in tube ELISA and absence of chest radiograph abnormalities and pulmonary symptoms. TST positive result was defined as an induration at the site of tuberculin inoculation of at least 10mm in diameter to minimize the false positivity due to environmental mycobacteria exposure. Only those were positive for both TST and QFT was considered as LTB and negative for both were considered as healthy controls (HC). Both LTB and HC samples were collected from the screening of community people. The status of lymphadenopathy in both PTB and LTB individuals was assessed by physical examination. Those PTB or LTB individuals with enlargement of the lymph nodes have been removed from the study as per exclusion criteria. Blood samples from PTB, LTB and HC individuals were collected only at baseline. All the individuals were HIV negative and not under any steroid treatment during the study period. All individuals were also not afflicted with any other chronic viral or bacterial infection based on medical history and physical examination. The duration of anti-tuberculosis treatment (ATT) was 6 months and blood samples from TBL individuals were collected again after the completion of ATT. All the TBL individuals were cured from the disease which was confirmed by the disappearance of lymph node expansion analysed on X-ray and CT-scans.

Measurement of APPs {#sec008}
-------------------

The plasma levels of acute phase proteins (⍺-2MG, SAA, CRP, Hp) were measured using ELISA kits, according to the manufacturer's instructions. All the ELISA kits were purchased from R&D Systems (DuoSet) except Hp which was purchased from My BioSource. The threshold detection limit for different proteins was as follows: ⍺-2MG- 0.625 ng/ml, SAA- 1.563 ng/ml, CRP- 15.625 pg/ml and Hp- 3.125 ng/ml.

Data analysis {#sec009}
-------------

The Kruskal-Wallis non-parametric test with Dunn's multiple comparisons was used to measure the statistical differences between TBL, PTB, LTB and HC individuals. Median, first (25% Percentile) and third (75% Percentile) quartiles were calculated using descriptive (column) statistics. Mann-Whitney U test was used to analyse the significant difference in lymph node (LN) culture grade (CG), LN size, multiple (M) versus single (S) LN involvement. Linear trend analysis (one-way ANOVA) was used to assess the association with bacterial burdens. The pre-and post-treatment levels were compared using the Wilcoxon signed rank test. The statistical analysis was performed using GraphPad Prism 8.0 (GraphPad Software Inc., San Diego, CA).

Results {#sec010}
=======

Study demographics {#sec011}
------------------

The demographic details of the study individuals are listed in [Table 1](#pone.0233426.t001){ref-type="table"}. There were no significant differences in the age and culture/smear status (except gender) between the study groups.

10.1371/journal.pone.0233426.t001

###### Demographics of the study individuals.

![](pone.0233426.t001){#pone.0233426.t001g}

  Study Demographics                    TBL                                             PTB                                               LTB                                          HC                                           P value
  ------------------------------------- ----------------------------------------------- ------------------------------------------------- -------------------------------------------- -------------------------------------------- ----------
  Number of subjects recruited (n)      44                                              44                                                44                                           44                                           
  Gender (M/F)                          18/26[\*](#t001fn001){ref-type="table-fn"}      29/15[\*](#t001fn001){ref-type="table-fn"}        15/29[\*](#t001fn001){ref-type="table-fn"}   20/24[\*](#t001fn001){ref-type="table-fn"}   p = 0.01
  Median age in years (Range)           30 (18--51)                                     31 (19--54)                                       32 (21--62)                                  34 (21--55)                                  
  Culture/ smear grade (0/1+ /2+ /3+)   8/34/2/0[\*](#t001fn001){ref-type="table-fn"}   0/10/15/19[\*](#t001fn001){ref-type="table-fn"}   Not done                                     Not done                                     NS
  QuantiFERON-TB Gold                   Not done                                        Not done                                          Positive                                     Negative                                     

\*Calculated using chi-square tests; NS = non-significant.

Altered systemic levels of APPs in TBL {#sec012}
--------------------------------------

We examined the plasma levels of APPs (⍺-2MG, SAA, CRP, and Hp) in TBL, PTB, LTB and HC individuals ([Fig 1](#pone.0233426.g001){ref-type="fig"}). We show that TBL, PTB and LTB individuals are associated with enhanced plasma levels of ⍺-2MG (median of TBL is 35.08 pg/ml, 37.50 pg/ml in PTB and 30.12 pg/ml in LTB compared to 3.0 pg/ml in HC), and SAA (median of 38.87 ng/ml in TBL, 58.50 ng/ml in PTB, 35.17 ng/ml in LTB compared to 8.5 ng/ml in HC) compared to HC individuals. SAA plasma levels were significantly higher in PTB (58.50 ng/ml) than LTB (35.17 ng/ml) individuals. In addition, the systemic levels of CRP were significantly increased in TBL and PTB individuals when compared to LTB and HC (median of 1692 pg/ml in TBL, 2620 pg/ml in PTB compared to 1393 pg/ml in LTB and 781.5 pg/ml in HC) individuals. Finally, in TBL the circulating levels of Hp were significantly diminished compared to PTB and increased compared to HC (median of 42.51 ng/ml in TBL, compared 166.0 ng/ml in PTB and 2.0 ng/ml in HC) individuals. The systemic levels of Hp were also significantly increased in PTB and LTB (median of 166.0 ng/ml in PTB and 30.38 ng/ml in LTB compared to 2.0 ng/ml in HC) individuals compared to HC individuals. The first (25% Percentile) and third (75% Percentile) quartile range are given in [Table 2](#pone.0233426.t002){ref-type="table"}. The fold change in the levels of APPs in TBL, PTB and LTB compared to HCs is shown in [Table 3](#pone.0233426.t003){ref-type="table"}.

![TBL is characterised by altered plasma levels of acute phase proteins.\
The plasma levels of acute phase proteins (⍺-2MG, SAA, CRP and Hp) were measured in TBL (n = 44), PTB (n = 44), LTB (n = 44) and HC (n = 44) individuals. We have shown our data as scatter plots with each circle representing a single individual and medians depicted with a bar. P values (\*p \< 0.05, \*\*\*p \< 0.001, \*\*\*\*p \< 0.0001) were measured using the Kruskal-Wallis test with Dunn's multiple comparisons.](pone.0233426.g001){#pone.0233426.g001}

10.1371/journal.pone.0233426.t002

###### The first (25% Percentile) and third (75% Percentile) quartile of the study population.

![](pone.0233426.t002){#pone.0233426.t002g}

  APP    TBL              PTB              LTB              HC                                                                  
  ------ ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ----------------
         25% Percentile   75% Percentile   25% Percentile   75% Percentile   25% Percentile   75% Percentile   25% Percentile   75% Percentile
  SAA    31.81            44.53            32.25            110.3            28.75            40.53            4.250            46.50
  A2MG   26.89            44.91            13.25            89.75            23.92            36.73            1.0              4.0
  CRP    1561.0           1763.0           1701.0           4488.0           1362.0           1417.0           441.8            1316.0
  HP     24.76            54.43            123.0            198.0            21.41            61.64            1.0              5.0

10.1371/journal.pone.0233426.t003

###### The fold change of APPs in TBL, PTB and LTB individuals compared to HC individuals.

![](pone.0233426.t003){#pone.0233426.t003g}

  APP    TBL      PTB      LTB
  ------ -------- -------- --------
  SAA    4.1680   14.361   2.309
  A2MG   12.769   12.060   10.728
  CRP    2.198    3.601    1.733
  HP     17.428   70.677   11.987

APPs are not significantly associated with TBL culture grade, lymph node size, multiple versus single lymph node and bacterial burden {#sec013}
-------------------------------------------------------------------------------------------------------------------------------------

To examine the association between the systemic levels of APPs with bacterial burdens and disease severity, we examined the plasma levels of APPs and compared them with respective culture grades, lymph node size and number among TBL individuals. As shown in [Fig 2A](#pone.0233426.g002){ref-type="fig"}, no significant difference was observed between the APPs in individuals with different culture grades. In addition, as shown in [Fig 2B](#pone.0233426.g002){ref-type="fig"}, no significant difference existed between the plasma levels of APPs in the two lymph node clusters (size of the LN was calculated using vertical and horizontal length \< or \> 10 cm). Similarly, none of the APPs showed any significant difference between the individuals with multiple or single lymph nodes ([Fig 2C](#pone.0233426.g002){ref-type="fig"}). Finally, there was no association between the APPs with the respective culture grades of TBL individuals ([Fig 2D](#pone.0233426.g002){ref-type="fig"}).

![APPs are not associated with any significant relationship with lymph node (LN) culture grade, size, multiple versus single LN involvement and disease severity.\
(A) The plasma levels of APPs in TBL individuals with different LN culture grades (B) Levels of APPs are shown in TBL individuals with two clusters of LN (we calculated the LN size using their vertical and horizontal length and represented as \< or \> 10 cm) (C) The plasma levels of APPs in TBL individuals with multiple versus single LN. P values were calculated using the Mann-Whitney U test. (D) The association between systemic levels of APPs were correlated with bacillary culture grades using linear trend analysis (one-way ANOVA). The data were examined and shown as scatter plots with each circle representing a single individual.](pone.0233426.g002){#pone.0233426.g002}

Effect of ATT on APPs in TBL {#sec014}
----------------------------

To determine the effect of ATT on APPs in TBL individuals, we measured the pre versus post-treatment levels of APPs ([Fig 3](#pone.0233426.g003){ref-type="fig"}). The post-treatment plasma levels of ⍺-2MG (median of 35.08 ng/ml in pre-T compared to 27.65 ng/ml in post-T), CRP (median of 1692 pg/ml in pre-T compared to 1398 pg/ml in post-T) and Hp (median of 42.51 pg/ml in pre-T compared to 25.31 pg/ml in post-T) were significantly diminished when compared to pre-treatment levels. In contrast, no significance was found between the pre and post-treatment plasma levels of SAA1 (median of 38.87 ng/ml in pre-T compared to 36.88 ng/ml in post-T). The first (25% Percentile) and third (75% Percentile) quartile range between TBL pre-T and post-T are given in [Table 4](#pone.0233426.t004){ref-type="table"}. The fold change in APPs in post-T levels compared to pre-T levels is shown in [Table 5](#pone.0233426.t005){ref-type="table"}.

![Treatment induced changes of APPs in TBL.\
The plasma levels of acute phase proteins (⍺-2MG, SAA, CRP and Hp) were measured in TBL individuals before (pre-T) and at the end of ATT (post-T). We have shown our data as line graphs with each line indicating a single individual. Wilcoxon signed rank test were used to measure the P values.](pone.0233426.g003){#pone.0233426.g003}

10.1371/journal.pone.0233426.t004

###### The first (25% Percentile) and third (75% Percentile) quartile among TBL pre-T and post-T individuals.

![](pone.0233426.t004){#pone.0233426.t004g}

  APP    TBL pre-T   TBL post-T            
  ------ ----------- ------------ -------- --------
  SAA    31.81       44.53        32.63    41.57
  A2MG   26.89       44.91        17.20    39.88
  CRP    1561.0      1763.0       1348.0   1430.0
  HP     24.76       54.43        15.44    44.46

10.1371/journal.pone.0233426.t005

###### The fold change of pre-treatment compared to post-treatment levels of APPs.

![](pone.0233426.t005){#pone.0233426.t005g}

  APP    TBL pre-T   TBL post-T   Fold change
  ------ ----------- ------------ -------------
  SAA    36.60       32.03        1.142
  A2MG   32.41       23.48        1.380
  CRP    1656        1378         1.201
  HP     39.11       23.29        1.679

Discussion {#sec015}
==========

APPs are generic serum proteins shown to be present at higher levels in active TB disease \[[@pone.0233426.ref030]\]. However, there are very few research studies that examined the systemic levels of APPs in EPTB, especially in TBL disease/infection \[[@pone.0233426.ref012], [@pone.0233426.ref015], [@pone.0233426.ref019]\]. Hence, this present study investigates the plasma levels of different APPs in TBL, PTB, LTB and HC individuals and their post-treatment modulation upon completion of ATT. Our findings reveal that the plasma levels of APPs were significantly altered during infection and they were modulated after the completion of ATT. Elevated plasma levels of ⍺-2MG in TBL and PTB individuals compared to HC individuals indicate hemodynamic alterations or inflammation occurring because of tissue damage at the infection site. This is reflective of a previous report in children with PTB or EPTB, where plasma levels of ⍺-2MG were heightened when compared to healthy controls \[[@pone.0233426.ref019], [@pone.0233426.ref031]\]. Moreover, after the administration of ATT, the post-treatment plasma levels of ⍺-2MG were significantly modulated when compared to pre-treatment levels. This observation signifies chronic inflammation stimulated by Mtb was decreased in TBL individuals.

Similar to ⍺-2MG, other APP (SAA) levels were also enhanced in TBL, PTB and LTB individuals compared to HCs. Higher serum levels of SAA protein were reported in PTB patients up on comparison with healthy controls \[[@pone.0233426.ref021], [@pone.0233426.ref032]\]. SAA may function as an opsonin or aid in cell recruitment to the inflammatory milieu. Further, these nonspecific inflammatory markers are chiefly produced by the liver which was demonstrated in TB and also in other diseases \[[@pone.0233426.ref033], [@pone.0233426.ref034]\]. Also, previously it has been suggested that SAA protein acts as a more profound marker of inflammation than the CRP and both were useful in elimination of infection by binding to the cell wall of microbes \[[@pone.0233426.ref035]\]. Herein, our observations reinforce that SAA was higher in the disease infected groups, indicating the ongoing inflammation. However, in TBL, their post-treatment levels were not modulated after the completion of ATT. This could perhaps reflect a slower kinetics in the modulation of different APPs post-treatment.

Next, we show that CRP plasma levels were also enhanced in TBL and PTB group than the LTB and HCs. Hence, the higher levels might suggest the extent of Mtb infection associated with diseased individuals. CRP has been described as a candidate biomarker for active TB disease and also in other infections as well \[[@pone.0233426.ref036], [@pone.0233426.ref037]\]. CRP also acts as an activation marker, acute phase reactant and can be effectively used as the marker for treatment monitoring. Previous studies have reported a gradual reduction in the plasma CRP levels upon ATT in PTB with improved radiographic features after 2 months of ATT \[[@pone.0233426.ref027]\]. Likewise, in our study the CRP levels were significantly modulated at the post-treatment time point. Future studies with point-of-care assays of CRP should provide useful information on the utility of CRP as a point of care test for TBL. Hence, we postulate CRP may serve as a marker for distinguishing TBL from LTB and HCs in monitoring the treatment progression for TBL disease.

Finally, we also examined the systemic levels of Hp between TBL, PTB, LTB and HC individuals and the levels were reduced in TBL compared to PTB individuals. Their systemic levels were higher in PTB when compared to LTB and HCs. Hp recruits the neutrophils via the activated endothelial cells and platelets for free radical quenching, tissue repair and regeneration \[[@pone.0233426.ref022]\]. Our results corroborate the above findings; a reduction in the post-treatment plasma levels of Hp was observed when compared to pre-treatment levels. We also examined the association of these APPs with their respective culture grade, lymph node size, multiple versus single lymph node status and bacterial burden. However, we could not find any significant association with any of these APPs with the above parameters. Some patients did exhibit increased levels of APPs following ATT, although the reason behind this needs further investigation.

In conclusion, our study is one of the first to systematically assess different APPs (⍺-2MG, SAA, CRP, and Hp) in TBL disease/infection. The altered levels of APPs could possible reflect the activation of host defence mechanism to eliminate the detrimental effects produced by TB bacteria in TBL individuals. Our study has only focused on showing the differences in the plasma levels of APPs between TBL and other groups. Overall, APPs might be involved in the immunomodulatory responses associated with active TBL disease which in turn changes after the completion of ATT.
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